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(71) We, AJB. VOLVO, a Swedish 
Body Corporate, of P.O. Box 382 S-^05 08 
Goteborgii Sweden, do herd>y declare the in- 
ventiort, for which we pray that a patent may 

5 be granted to us, and the method by whidi 
it is to be performed to be particularly de- 
scribed in and by die following statement: — 
This invention idat^ to qricydic change- 
speed power transmissions and concerns in 

10 particular epicydic gearing comprising three 
epicydic gear trains^ the first and second 
trains each comprising an internally toothed 
annulus, an extexnally toothed sun wheel co- 

^ " axial with the annulus and at least one planet 

15 wheel meshing with both the sim whed and 
die annulus and rotatabdy moimted in a planet 
carrier which itself is mounted for rotation 
about the common axis of the sun wheel and 
the annulus, the gearing induding braking 

20 means for selectivdy holding predetermined 
• members of the gearing against rotation and 
dutching means for sdectively establishing 
driving connections between predetermined 
members of the gearing to achieve a series of 

25 different driving ratios between input and out- 
put members of die gearing whidi arc coaxial 
widi the first and sectmd gear trains. 

According to the invention, there is pro- 
vided epicydic gearing comprising first, second 

30 and third epiq^dic gear trains of whidi the 
first and seomd gear trains eadi comprise an 
internally tooth^ annulus, an externally 
toothed sun coaxial with the aimulus 

and at least one planet whed meshing widi 

35 both .the sun wheel and the annulus and 
xotatably mounted in a planet carrier whidi 
itself is mounted for rotation about die 
common axis of the sun wheel and the 
annulus, the gearing induding braking means 

40 for sdectively holding predetermined mem- 
bers of the gearing against rotation and 
dutdiing means for sdectively establishing 
driving connections between predetermined 
members of the gearing to achieve a series 

45 of different driving ratios between input and 
output members of the gearing which are co- 



axial with the gear trains, wherein an inter- 
mediate member is rotationally ccmneaed to 
die driving members of three independendy . 
operated friction dutdies, the driven member ' 
of the first dutdi is rotari<Hially coimected to 
die Sim gear of die second train, the planet 
carrier of the second train and the annulus 
of the first train are rotationally connected to 
each odier and the first sdectively-operable 
braking means and to the driven member of 
the second dutch, the driven member of the 
third dutch is rotationally amnected to the 
sun gear of the first gear train, tiie stm gear 
of the second train is rotationally connected 
to second sdectivdy-operable braking means, 
and the planet carrier of the first train is 
rotationally connected to die annulus of the 
second train and to the output member and 
wherein the third epicydic gear train is con- 
nected between the input of the gearing and 
the intermediate member and is crastructed to 
3deld sdectivdy two alternative drive ratios in 
the same direction. 

British Patent No. 1,331,048 demonstrates 
that a transmission containing three epicydic 
gear trains will yidd five forward drive ratios 
and one reverse ratio when controlled by tluee 
braking devices and three dutching devices, 
whereas it will be ^own that a transmission 
constructed according to the invention will 
yidd at least seven useftd forward drive ratios 
and two reverse ratios when controlled by the 
three braking devices and four clutches and 
diat tiie range between the lowest and the 
highest ratios is substantially greater than 
would be obtainable from the same three 
epicydic gear trains employed m accordance 
with the said British Patent. 

Another advantage of the said arrangement 
is to provide a series of forward drive ratios 
in vdiich tiie increments between successive 
ratios at die hi^er end of the series, that is 
die end at ^rfiich the ou^ut speed is greater 
in relation to input speed, may be smaller 
than those at the lower end of the senes. 

An advsintageous modification consists m 
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■ nutiuducmg into a diai]ge-^>eed transmissioa 
of the type hereinbefore defined a free^^eel 
devicse adapted to fonil aT'iinidirectiana] link 
between the sun wh^ of the second train and 
5 a driving member which is ccsnmcHi to the 
tluee chitcfaes whidi provide tiie sdective 
driving connections to die son wheel of the 
first trsin^ to the planet carrier of the second 
.'train and to the sun wheel of the second train, 

to .the said free-wheel devicae prervecting tlie 
latter son whed from rotating faster than the 
said diiving member when the latter memBer 
is rotatihg in the normal driving direction, but 
freely permitting rdarive rotation in the 

15 opposite sense. 

This prevents a vehicle incorporating such 
a transmission &om rolling badcward on an 
iip-hill gradient in the alienee of sufficient 
driving torque at the input member of the 

20 transmission^ so long as at least an indirect 
forward drive ratio is engaged. 

Further, it facilitates and renders progressive 
a smoodi transition from a direct-drive con- 
dition to an overdrive condition, and vice 

25 verscL 

^nbodiments of the invention will now be 
described by way of example with reference 
to the accompanying drawings, in which: — 
Fig. 1 is the upper half of a diagram diow- 

30 ing tibe layout of power transmission gearing 
for an autcnnotive vehid^ and 

Fig. 2 shows a modification which may be 
api^ied to the transmission didwn in Fig. 1. 
The transmission gearing ^own in Fig. 1 

35 . OHnprises a rotatably mouated inpvtc member 
21 whidi in use is coonarted to the ou^ut 
element of a torque-converter (not shown), 
the input element of ^diich may be driven by 
a prime-mover such as a diesel engine. An 

40 intermediate member 1 carries a radial fiange 
2 to the periphery of winch is attached a 
sleeve 3 carrying the driving elements of 
three independentiy-operaUe friction clutches 
CI, C2 and C3.^ The driven elements of the 

45 tiuee clutches Cl^ C2 and C3 are carried by 
respective radial flanges 4, 5 and 6 moimted 
_ respectively on sleeves 7 and 8 and a central 
sh2^ 9 which are all coaxial widi the inter- 
mediate memb^ 1 and sun i^HbeeT SI. 

50 At its other end, the central shaft ^ carries 
the sun gear wheel SI of a first epicydic gear 
train Tl \^ch also includes a rotatably 
mounted internally toothed annulus Al and 
a set of four pknct pinions PI each meshing 

55 witii bodi. the sun i^ieel SI and the annulus 
Al and eadi being rotatably mounted on a 
planet carrier LI which itself is mounted for 
rotation about the common axis of the sun 
wheel SI and the aimulus Al. 

go sleeve 8 terminates in a radial fiange 

11 forming part of the planet carrier L2 of 
a second epicydic gear train T2 having a sun 
gear wheel S2 secured to and coaxial with the 
sleeve 7, an internally toothed annulus A2. 

55 coaxial with the second sun wheel Sa, and a 



set of four planet pinions P2 which are each 
rocatabfy mounted m the second planet carrier 
L2 and each me^ with both the seccmd sun 
^ed S2 and tiie second annulus A2, the 
plan^ carrier L2 being mounted for rotation 70 
about tihe ccHnmon axis of the sm whcd S2 
and annulus A2. 

The first anifuhis Al is rotationally con- 
nected to die second planet carrier L2 by 
means of ait esctcnsicHi sleeve 12 secured to 75 

the -first gtiniiltts Al and tpmiinnHngr .|q a 

flange 13 extending inwards to the second 
planet carrier L2, 

The second annulus A2 is rotationally con- 
nected by means of an aimular flange 14 to 80 
. the first planet carrier LI which in turn is 
secured to a radial flange 15 on a shaft 16 
whidi is coaxial with tiie input member 1 
and central shaft 9. The shaft 16 forms die 
outout member of the transmission gearing, * 85 

A first braJ&e Bl has its rotary dement 17 
rotationally connected to die first annulus Al 
and can therdjy when energised hold the first 
mnulus Al stationary. A second brake B2 
similarly has its rotary element rotationally go 
connected to the second sun wheel S2 and can 
accordingly be energised, indq)endentiy of the 
first ^rake Bl, to hold the second sun wheel 
S2 stationary. 

A free-wheel device 20, for example of the 95 
roller or sprag type^ may be installed between 
the first annuhis -Al and the transmission 
casing to prevent the first annulus from 
rotating backward relative to the rotation of 
the ihptit member 1 but allowing die aimulus XOO 
Al to rotate fteeLy in the ^nrward direction 
when the first brake Bl is released. This 
facilitates smooth changing between ratios by 
avoiding the need for accurate co-ordination 
of the operation of the brake Bl with that of 105 
the oflier controlling elements. 

The gear train T3 is similar to the trains 
Tl and T2 in tihat it comprises a sun wheel 
S3^ an internally toothed annulus A3 and a 
set of four planet pinions P3 each meshing hq 
with both the third annulus A3 and the third 
sun wheel S3 and each being rotatably 
mounted on a planet carrier L3. 

The input member 21 of the gearing is in 
ose secdred to the ouiput member of a torque- 
ccmverter (not shown). The input member 21 
is rotationally connected , to die third anncdus 
A3 by a radial flange 22 secioed to bodi die 
overall input shaft 21 and the third annnhis 
A3. A furdier radial fiange 23 rotationally con- 12O 
nects the planet carrier L3 to die intermediate 
shaft 1 of the gearing. A third brake B3 has - 
its rotary element 24 rotationally connected 
to the third sun wheel S3. The third train T3 
may be locked up for en bloc rotation (with \2S 
the. brake B3 released) by means of a fourdi 
clutch C4 \rtuch in this embodiment is con- 
nected between the third sun wheel S3 and 
the third planet carrier L3. A second free 
wheel device 25 is prderahly induded to pre- 130 
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vent badnRaid nstatioii d ifae son ^leel 83^ 
tfaeicby EToiding die need for acciuate 
^dircmisadQa of opeiadaii (tf ibe biake B3 
xelative to dure €i die- dutch C4^. 
5 It CBQ be shomi diat the engaging of die 
various tokes and/or dutdies seletiavdy in 
different combinadons of tfaiee at a time vnh 
yield potentially eight different fozwaid drive 
ratios and two reverse ratios, between the 

10 overall input and output members. 

The numerical values of dicse ratios will 
of course dqpend on the relative numbers of 
teedi on die sun wheel and annulus of each 
epicydic train. Eadi of the diree q>icyclic 

15 trains can be designed to have a specific 
reladonship in this respect in order to provide 
a series of at least seven useful forward drive 
ratios and two useful reverse ratios. For ex- 
ample, die number of teedi on the first sun 

20 wheel SI, relative to diat on the first annulus 
Al, is preferably between 0.45 and 0.55 when 
the transmission is adapted for use in a high- 
speed highway vehide and between 0.25 and 
0.35 when it is adapted for use in an off- 

25 highway vdiide. The corresponding rdation- 
ship between sun whed S2 and annulus A2 in 
the second train is preferably between 0.25 and 



035 and in the diinl train it is preferably ' 
between 0.5 and 0.6, the latter two trains 
being unaffected by die rSle for wtdch die 30 
transmission is to be used. 

A further feature of the layout shown in 
Fig. 1 is that ratios suitable for each of the . 
two r61es of the transmission can be provided 
when specific toodi' numbers assigned to the 35 
members of each train are ccnnpatible with 
the employment in eadh train of at least four 
equally-spaced planet wheels, ^diile, at the 
same time, die number of teeth in the 
annulus is die same for each of the three 40 
trains, thereby facilitating production of the 
aimulus members by enabling their teedi to be 
cut by a single set of broaching tools. 

By way of example, a transmission suitable 
for a high-speed highway vdiide may have 45 
80 teeth in each annulus whfle die sun wfaeds 
of the first, secoxkt and third trains have 
respectivdy 40, 24 and 44 xeedi, die number ' 
of teeth on each planet whed in each of diese 
trains respectivdy being 20, 28 and 18. It 50. 
can be shown diat sud^ a transmission will 
yidd at least the following ratios of output . 
speed to input speed \^en the brakes and/or 
dutches are selectivdy engaged in combina-. 
tions as indicated in the brackets: 55 









Drive Ratio 


Incremental 


1st speed (Pl + C3 + B3) 




0^15 : 


1 




2nd - 


031 + C3 + C4) 




0.333 : 


1 


1.55 


3rd - 


(B2 + C3 + B3) 


m 


0.441 : 


1 


1.324 


4di - 


(CI + C3 + B3) 




0.645 : 


1 


1.462 


5i}i^ r- 


(B2 + .C2 t B3) 




0.839 : 


1 


1.3 


6th - 


(CI +CS ^C4) 


m 


1.000 ' 


1 


1.192 


7di - 


(B2 + C2 + C4) 




1.3 


1 


1.3 


Reverse 1®1 + CI + B3) 


m 


-0.194 


: 1 




Reverse 2 (Bl + CI + C4) 




-0.3 


: 1 


1.55 



* A further speed corresponding to (B2 + C3 + C4) gives a drive ratio 
0.684:1 which is too close to 4th speed to be useful. 



The transmission constructed in accordance and planets PI of die firsttrain^ a <amer 

witii die foregoing example can be adapted haymg 28-toodi P^^; 

to suit an off-highway vehicle by exchanging nussion can be shown to yidd at least tiie 

60 die first sun whed SI for one having 24 foUowmg ranos:— 
teedi and exchanging die planet carder LI 
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Reverse 2 (Bl + Ct + C4) - -0.3 : 1 









Drive Ratio 


Incremental 


1st speed <B1 + C3 -1-63) 




0-149:1 




2nd - 


CBl + C3 + C4) 


- 


0.231: 1 


. 1:55 


3rd ^ 


(B2 + C3 + B3) 


- 


0.365:1 


1.58 


4tii — 


(B2 + C3 + C4) 




0.565:1 


1.55 


5th*- 


(B2 + C2 + B3) 




0.839:1 


. 1.48 


6th - 


(C1 + C3 >C4) 




XO : 1 


1.192 


7th - 


(B2 +C2 + CX) 




1.3 :1 


1.3 


Reverse 1 (Bl + CI + B3) 




-0.194:1 





1.55 



* A farther speed ,{C1 + C3 + B3) yielding a drive ratio of 0.645 is 
available^ 



In tbe modificatioa shown in Fig. 2^ a free- 
\^eel device 31 is installed between the 
driving and driven members of the chitch CI 
5 of the geanog of Fig. 1. The fcee-whed 
device 31 Is so constructed as to prevent the 
second sun vrbeel S2 &om totating foster than 
the driving sleeve 3 virbesL the latter is rotating 
in the nomal driving dixecdoi^ but to permit 

10 £nBe r^tive rotation in the opposite sense. 
The ficee-viiieel device 31 may he any of the 
known types in ix^ch there are £irst and second 
rotary members mounted coaxially with one 
another and a series of rollers or spxags dis- 

15 posai between the said members are adapted 
to wedge themsdkes to aa as a driving link 
between the two members whenever there is 
a tendency to relative motion between the 
two members in one specific direction, while 

2Q freely permitting relative motion of the two 
members in the opposite sense. 

Such a free-wh^ device may conveniientiy 
be mstalled within the clutch CI, the first 
. rotary member of the free-wheel device being 

25 rotatiOTally connected to the driving member 
of the said clutch and the second rotary mem- 
ber being rotationally connected to die driven ' 
member of the said dutch^ which driven.mem- 
b^ is also lotatiaoaliy^ connected to the sun 

30 wheel S2 of the second train T2. 

The operatica of the modification is as 
fdlows: When the transmission is set for any 
indhect forward drive ratio one or other of 
tiie clutdies C2 and C3 must be engaged and 

35 one of the braking devices Bl or B2 is holding 
stationary eitiier tiie first annulus Al or the 
second sim wheel S2. In these circumstances 
any backward rotation of the common driving 
sleeve 3 is prevented by the free-wheel 31 

40 because the sun wheel S2 of the second train 
would then ^tiier be locked its brake B2 



or would tend to rttate oppositely to the back- 
ward rotaticHi of the. common driving member 
3, and since the lauer is unable to have back- 
waid rotation it follows that the transmission 45 
ootput ^ft 16 is also prevented from bad:- 
wanl rotation in tiiese circumstances^ thus the 
vdbide - is prevented fro m rol ling ba^ward 
irz^peoEiviely oTtiEe viilue. of the dSvmg traque 
fixHh the prime-mover. 50 

If the annulus Al of the first train is pro- 
vided wltli the free-wheel device 20 to pre- 
vent its backward rotation, it will be seen that « 
the vehide is thus also prevented from rolling 
back vdien the direct-drive ratio is engaged 55 
and none of the braking means is applied. 

The vehicle may be driven forward in the 
direct-diive ratio by engaging the clutch C2 
without engaging either of the dutches CI or 
C3 since the free-whed device 31 connected 60 
sicross CI prevents the second sun whed S2 
from overrunning the common driving sfeeve 
3« so as its tendency under the influence of 
pwasitivB driving torque applied in these 
. circumstances. From tiiis driving ccmdition it 65 
• is possible to make the overdrive ratio dSec- 
tive merdy 1^ engaging the brake B2 to hdd 
the second suit vStd since the free-^eel 
de^ce 31 will automaticalfy release its grip 
vriien ti^ brake B2 takes over the torque t&- 70 
action froni it: This raiders unnecessary jdie 
usual critical operation of co-ordinating tiie 
release of a friction dutdi with the effective 
engagement of the brake. Consequentiy^ a 
smomfa transition from the direct-drive ratio 75 
to overdrive ratio, and vice versa, can be 
■ achieved by pro^essivdy engaging (or dis- 
engaging, as die case may be) tiie overdrive- 
engaging braking means B2. 

The brakes and dmdies used in the con- 80 
struction of the invention may take any form. 
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but preferably tbey are trf the type in which 
discs feced with sukable friction material are 
interleaved with other discs and pressed into 
mutual fiicticMial contact by the application of 
fluid pressure to an actuator or actuators in- 
corporated in the brake or clutch device- 
Details of their construction and of the con- 
struction of the gear trains may follow ccm- 
ventional practice in the art. 

WHAT WE CLAIM IS:— 
1. E|>icyclic gearing comprising first, 
second and third epicydic gear trains of which 
the first and second gear trains each comprise 
an internally toothed annulus, an externally 
toodied sun wheel coaxial with the annulus 
and at least one planet wheel meshing with 
bodi the sun wheel and the annulus apd 
rotatably mounted in a planet carrier which 
itself is moimted for rotation about the 
common axis of the sun wheel and the 
annulus, the gearing including braking means 
for selectively holding predetermined mem- 
bers of the gearing against rotation and clutch- 
ing means for selectively establishing driving 
25 connections between predetermined members 
<rf the gearing to achieve a series of different 
driving ratios between input and output 
members of tiie gearing which are coapal 
with the gear trains, wherein an intermediate 
member is rotaticoaUy connected to the 
driving members of three independently 
operated frictirai dutches, ttie driven member, 
of the first dutch is rotationally connected to 
the sun gear of the second train, the planet 
carrier of the second train and the annulus 
of die first train are rotationally connected to 
each other and to first selectivdy-operable 
braking means and to the driven member of 
the second dutch, the driven member of 'the 
40 third dutch is rotationally connected to the 
sun gear of the first gear train, die sun gear 
of the second train is rotationally connerted 
to second selectively-operable braking means, 
and the planet carrier of the first train is 
45 rotationally connected to the annulus of the 
second train and to the output member and 
wherein the diird epicydic gear train is con- 
nected between the mput of the gearing and 
the intermediate member and is constructed 
50 to yield selectively two alternative drive ratios 
in die same direction. 

2. l^icydic gearing according to daim 1, 
wherein the first, second and diinl dutches 
axe all located physically on the same side of 
55 the second train as die input member, and 
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35 



60 



65 



the driven member of the second dutdi is 
rotationally connected to the second planet 
carrier by a sleeve passing through the second 
sun yrhed and its connection to the driven 
member of the fiirst dutch, and the driven 
member of the third clutch is rotationally 
connected to the first sun whed by a shaft 
passing through the sleeve. 

3. Epicydic gearing according to claim . 1 
or 2, ^Kiierein the third epicydic gear train 
comprises a toodied third sun wheel, an inter- 
nally toothed third axmulus and at least one 
planet wheel rotatably mounted in a third 
planet carrier and meshing vrith both the diird 
sun whed and the third annulus, the third 
planet carrier bemg rotationally conneaed to 
the mtermediate member, the third annulus 
being rotationally connected to the input mem- 
ber, and a fourdi dutdi is sdectively- 
operably to connert two dements of the third 
train together to lo<* up the third train, and 
independentiy operable diird braking means 
are operable to hold the third sun wheel 
stationary widi die fourdi dutch disengaged. 

4 Epicydic gearing according to claim 4, 
and induding a free-wheel device for prevent- 
ing backward rotation of the third sun wheel.. 

5. Epicydic gearing^ccording to any of w 
preceding claims, 'and induding a free-wheel 
device adapted to form a unidirectional link 
between the second sun whed and the inter- 
mediate member, the said free-whed device 
preventing the second sun wheel from rotating 
faster than the intermediate mend^er when die 
intermediate member is rotating in the normal 
driving direction, but freely permitting rela- 
tive rotation in the opposite sense. 

6. Epicydic gearing according to claim 5, 
where the free-\rfied device is incorporated 
in the first dutch. 

7. ^cyclic gearing according to any of 
the preceding claims, characterised by a free- 
whed device for preventing backward rotaticm 
of the first annulus. . 

8. Epicydic gearing substantially as herein- IW 
before described with reference to Fig. 1 of 

the accompanying drawings. 

9. Epicydic gearing according to claim 8, 
modified substantially as hereinbefore de- 
scribed widi reference to Fig. 2 of the accom- 
panying drawings. 

REDDIE & GROSE, 
Agents for the Applicants, 
6, Bream's Buildmgs, London, EC4A IHN. 
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